There is strong evidence that postpartum depression is associated with adverse health effects in the mother and infant. Few studies have explored associations between physical activity in pregnancy and postpartum depression. We aimed to investigate whether physical activity during pregnancy was inversely associated with postpartum depressive symptoms, PPDS in a multiethnic sample. 
Introduction
Depression in the postpartum period has been identified as the most common complication of childbearing years [1] , with an estimated prevalence of 10-20 % in Western countries [2] [3]. Some women have continuation of depression that presented in pregnancy. For others it 3 Postprint is of new onset. Women who experience perinatal complications or have a co-existing chronic disease have an even higher risk for postpartum depression [4] The Diagnostic and Statistical Manual of Mental Disorders, (DSM-5-2013) [5] does not define postpartum depression (PPD) as a specific diagnostic category, but does allow for the addition of a "peripartum onset specifier" if depression starts in pregnancy or within four weeks after delivery [2, 6] . Manifestation of PPD can be mild to severe, and it is associated with impaired maternal psychological, emotional and cognitive functions [6] .
Furthermore, PPD may negatively affect the relationships among family members and the attachment between the baby and the mother, which may have long-term negative influence on the child [7] [8] [9] [10] [11] Immigrant women in Western European countries often face multiple challenges due to stressors related to migration, integration, poor housing conditions and racism [12] [13] [14] . This makes them vulnerable to mental health problems like depression [15] . Ethnic minority women in Western countries have higher prevalence of PPD compared to native Western European [3] . We have earlier reported higher rates of depressive symptoms in pregnancy among ethnic minorities compared to Western Europeans [16] . Risk factors associated with depression in pregnancy in that study included a low level of socioeconomic position (SEP), previous history of depression, recent adverse life events and a low level of integration.
While it is well documented that physical activity outside pregnancy prevents depression [17, 18] , evidence on preventive effects of physical activity in pregnancy on PPD and postpartum depressive symptoms (PPDS) is inconclusive [19] [20] [21] . 4 
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We identified only one RCT study designed to determine the effect of a supervised exercise program implemented in pregnancy; no protective effect against depressive symptoms was found three months after birth [19] .
Mixed findings have been reported in observational studies based on self-reported physical activity [20, 21] . A lower risk of depression was reported in women who were moderately physically active in the 3 rd trimester compared to inactive women [21] . In contrast, in a retrospective study, no significant association was observed between physical activity in pregnancy and EPDS score three months after birth [20] . The use of self-reported physical activity in these two latter studies makes the results prone to measurement error, and to subsequently biased estimates. In addition, the study samples in above-mentioned studies have limited external validity with respect to multi-ethnic populations.
In addition to established forms of treatment for depressive symptoms in the postpartum period, other potentially feasible and cost-effective strategies like physical activity during pregnancy may represent a complementary strategy to attenuate depressive symptoms and reduce reliance on pharmaceutical treatment [22, 23] . Currently, healthy pregnant and postpartum women are recommended to undertake a minimum of 150 min of moderate-tovigorous intensity physical activity (MVPA) per week for health benefits [24] .
Our primary aim was to investigate if higher levels of MVPA in pregnancy were associated with reduced risk of postpartum depressive symptoms, PPDS, overall and in a sub-sample of ethnic minority women, as we hypothesized that MVPA during pregnancy was inversely associated with risk of PPDS. 5 

Method
Design, study population and setting
This study is part of the prospective STORK Groruddalen Cohort Study of healthy pregnant women, based on data collected at three public Child Health Clinics (CHC) in multi-ethnic city districts in Oslo between 2008 and 2011 [25] . Relevant information material such as invitation leaflets and questionnaires were translated from Norwegian into Arabic, English, Sorani, Somali, Tamil, Turkish, Urdu and Vietnamese and quality-checked by bilingual health professionals. Data were collected at three study visits (at inclusion in mean gestational week 15; in gestational week 28; and 3 months after birth). Demographic and health questionnaire data were collected during standardized interviews. Physical activity was objectively recorded.
Women were eligible for participation if they: 1) lived in one of the study districts; 2) planned to give birth at one of two study hospitals; 3) were <20 weeks gestation at inclusion; 4) could communicate in either of the nine questionnaire languages; and 5) were able to give informed written consent. Women known to have diabetes and/or other diseases necessitating intensive hospital follow-up during pregnancy were excluded. The inclusion rate was 74% (range 64-83% among ethnic groups), and the participating women were found to be representative of pregnant women in the largest ethnic groups attending the Child Health Clinics [25, 26] . Informed consent was obtained from all individual participants included in the study.
Primary outcome variable -postpartum depressive symptoms
We measured postpartum depressive symptoms approximately three months after birth using the validated screening instrument The Edinburgh Postnatal Depression Scale (EPDS) 6 Postprint [27, 28] . EPDS contains ten items scored on a four-point ordinal scale, and it yields a sum score between 0 and 30. A high score indicates depression, but in clinical practice, we need a diagnostic interview to set the diagnosis depression. An EPDS score ≥10 was used as indicative of an increased depression risk herby called PPDS, as this cut-off point has been used previously in several epidemiological studies [16, [29] [30] [31] .
We used eight official translations of the EPDS (Norwegian, Arabic, English, Somali, Tamil, Turkish, Urdu and Vietnamese). In addition, we used a version in Sorani, translated by the City Services Department's Interpreting Service in Oslo, for this study. All except the Somalian and Sorani versions have been validated [32] .
Main exposure -objectively measured physical activity
We collected physical activity data objectively with the activity monitor Sense Wear™ Pro3
Armband (SWA) (Body Media Inc., Pittsburgh, Pennsylvania, USA) [33] in gestational week 28.-The SWA is a multi-phasic monitor which incorporates information from accelerometerswith data from sensors for heat flux, skin temperature and galvanic skin response [34] .
Women were asked to wear the SWA across the right triceps brachia over 4-7 days following the study visit, and remove it only if performing water activities. We downloaded raw physical activity data integrated into 60-second epochs with the manufacturer's software 75-149 minutes/week, and 4) ≥150 minutes/week. These categories were selected to ensure a certain number of cases in each activity group. We defined the most active group as women who accumulated ≥150 minutes to ensure that one group represented women who met the recommended level of MVPA.
Other potentially confounding variables
We defined ethnicity by the participant's country of birth, or her mother's country of birth if her mother was born outside Europe or North America. In analyses, ethnicity was treated as a binary variable (ethnic minority women and Western-European women) [16] . Maternal age at inclusion was treated as a continuous variable. Data on adverse life events were collected at visit 1 and 2, referring to the preceding six months at each visit. Items reflected seven events (serious illness of self; serious illness in close family; death in close family; divorce/separation; unemployment; major concern for children; other major adverse event) with the response options being "yes" and "no". In 8 Postprint analyses, the total number of events from visit 1 and 2 was treated as an ordinal variable (no events; one event; two or more events).
Depressive symptoms in index pregnancy was assessed using the EPDS tool at visit 2 (gestational week 28) and defined as EPDS score ≥10.
Information on history of depression was obtained postpartum using Kendler`s lifetime major depression scale, which assesses lifetime history of major depression based on the DSM-IV criteria. This five-item scale covers sadness, appetite changes, lack of energy, selfblame and concentration problems. The response categories were "yes" and "no". Prior depression was defined as having had at least two simultaneously concurrent symptoms with duration of at least two weeks in addition to a sad mood [37, 38].
Self-reported pelvic girdle syndrome (PGS), was identified as a possible confounder [39] and defined as having pain from both iliac-sacral joints and the pubic symphysis [40].
Parity, age at inclusion, marital status and educational level were used for descriptive purposes. Parity was categorized as nulliparous or multiparous, marital status was categorized as living with a partner or living without a partner and education was categorized into four categories: <10 years schooling, secondary level 10-12 years, up to 4 years of further education and University/College education.
Statistical analysis
Descriptive statistics are provided as mean (SD) and frequency (%) as appropriate. To compare groups, chi-square tests were used for categorical data and T-tests for continuous variables. 9 
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We used a Directed Acyclic Graph (DAG) (figure 1) in the model building process as a flowchart to visualize the causal network, linking MVPA and PPDS, and identify confounders
[41]-that should be adjusted for to attain unbiased and more precise estimates [42] .
Thereafter, we performed multiple logistic regression analyses to explore the association between MVPA and PPDS. Due to the rule of degrees of freedom, the number of confounders we could adjust for was limited as the sample contains only 60 cases with PPDS. A reduction of confounders was performed as we fitted the model using the Missing data on exposure or covariates were identified in data on MVPA, sedentary time, adverse life events, depressive symptoms in index pregnancy, self-reported pelvic girdle syndrome and history of depression (Table 1) . Missing MVPA values were significantly predicted by non-Western ethnicity. Thus, the inclusion of ethnicity among the variables, the imputation model supported the plausibility of the missing at random assumption [44] . We included ethnicity, EPDS at visit 3 (outcome in analytic model), age, BMI in the imputation model and imputed the following variables: MVPA/sedentary time, SEP, adverse life events, depressive symptoms in index pregnancy, and pelvic girdle pain. We generated 25 imputed datasets to obtain pooled estimates of the overall measures of association [44] using the automatic mode in SPSS. The imputed values were used in the primary multiple logistic regression analyses. 10 
The analyses were repeated in a sub-sample of ethnic minority women in accordance with our aim. We also performed a sensitivity analysis on the total sample based on complete cases.
The statistical significance level was set to p <0.05. SPSS version25 (IBM SPSS statistics, NY, USA) was used for all analyses.
Study sample
Our sample consisted of 643 women with a valid EPDS score from postpartum, 78% of the total sample of 823 included in the STORK Groruddalen study [16] .
Results
Sample characteristics
In our sample, we had 60 cases (9.3%) with PPDS and 42% of the women were ethnic minorities. The mean age in the whole sample was 30 years, 54% were nulliparous, 37% had low SEP and 15% had less than 10 years education.
Among women who recorded no MVPA minutes/week in bouts > 10 minutes, a larger proportion were multiparous, had ethnic minority background, lower socioeconomic position (SEP) and fewer had higher education at university and college level, compared to those with ≥150 MVPA minutes/week (Table 1 ). More women in the group with no MVPA minutes/week had depressive symptoms in index pregnancy and PPDS. The average age and number of adverse life events, however, were similar for both groups.
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In bivariate logistic regression analysis with imputed values, PPDS were associated with inactivity, measured as no MVPA minutes/week, ethnic minority background, adverse life events, low socioeconomic position, history of depression and depression in index pregnancy, but not with pelvic girdle pain (Table 2) .
Further, we observed that women who met the physical activity recommendation (≥150 MVPA min/week) had a significantly lower risk of PPDS (OR= 0.2; 95% Confidence interval (CI): 0.06-0.63), (Table 3 : unadjusted values). After adjustment for ethnicity, depressive symptoms in index pregnancy and self-reported pelvic girdle syndrome, the association remained significant (OR=0.2; 95% CI: 0.06-0.90) ( Table 3) . Analyses based on complete cases yielded similar results (added as appendix, table4).
We then repeated the analyses in the subgroup of ethnic minority women only. Women who met the physical activity recommendation had a significantly lower risk of PPDS (OR: 0.2 see appendix, table 5). Again, similar results were found in the analysis for complete cases (added as appendix, table 6).
Discussion
To the best of our knowledge, this is the only study exploring the association between objectively recorded physical activity in pregnancy and PPDS in a multiethnic cohort. We observed that women who performed ≥150 minutes per week of moderate to vigorous physical activity in bouts ≥10 min had lower risk of PPDS, compared to those who did not accumulate any physical activity of at least moderate intensity. This finding was replicated in a sub-sample of ethnic minority women. showing that physical activity was associated with a lower incidence of depressive symptoms postpartum. However, in only two of these studies the exercise program started in pregnancy. For the rest of the studies, the physical activity programs for the intervention group were conducted only during the postpartum period. Generally, the quality of most of the studies included in this meta-analysis was low, with high risk of bias. However, we consider the dearth of studies of protective effects of physical activity during pregnancy makes our findings highly relevant.
Furthermore, only few of the studies carried out in Western Europe reported if ethnic minority women were included, but most included only women who spoke the majority language. None of the studies included translators, which indicate that those with insufficient host language skills and those who are newly arrived to the host country most probably were excluded. Hence, the results are not generalizable to less integrated ethnic minority women. In contrast, in our study 58% of the Stork-Groruddalen Cohort was ethnic minority women, some of them had recently arrived in Norway and had limited command of the Norwegian language. Thus, the current cohort is more representative of current multi-ethnic populations in many European countries. A novel and important finding is the relative risk reduction associated with achieving ≥150 MVPA min/week in the sub-sample of ethnic minority women.
We do not know how the benefits of exercise are mediated. Generally, the effects of exercise on depression are widely known but poorly understood [49] and both psychological 14 Postprint and neurobiological mechanisms are suggested. Relapse is common in depressive disorders, and continuous physical activity may be useful in the efforts to prevent future episodes. In general, a positive effect of exercise on depression may be long lasting
Strengths and limitations
Our study has several strengths. This is a population-based prospective cohort study with a high attendance rate and a representative multi-ethnic sample. The prospective design reduced the likelihood of recall bias. We have succeeded in including illiterate and recently immigrated women by adapting the study methods to the needs of these women [25] . We used EPDS, which is a validated screening tool, with good agreement with the DSM IV criteria for major depression (100% sensitivity and 87% specificity) when using EPDS scores ≥10 as the cut-off [29, 31] . Furthermore, we used objectively recorded physical activity, which provides more valid estimates of habitual physical activity than self-report methods.
The analytic models included potential confounders identified by a DAG, reducing the risk that the association between MVPA and PPDS is spurious. Nevertheless, our study has some limitations. First, the cross-cultural validity of the EPDS is a concern. The expression of depression may differ according to cultural context; however, the EPDS has good psychometric properties when tested in different cultures [32, [50] [51] [52] [53] .
Different cut-off values have been suggested when EPDS is translated and validated into
other languages [32] , and it is recommended that health care professionals review the summary of the research to best match the characteristics of their population. As we wanted to compare the symptom load in different ethnic groups in Europe living in the same residential area, we used the same cut-off level for all women. 15 Postprint Second, the physical activity monitor does not measure water activities. While the SWA provides valid measures of energy expenditure during pregnancy for a range of physical activity types, the validity during bicycling during pregnancy is unclear [33] . Unpublished data from our study has shown that very few women were bicycling or participating in water activities during pregnancy. Third, participants' physical activity level may have increased because of wearing the armband; hence, the physical activity estimates may not reflect the true habitual level of physical activity during pregnancy.
Forth, a slight selection bias cannot be ruled out as women with higher SEP, more education and more time spent living with their partner participated compared to those who did not re-attend after their first or second visit. This is often the case in cohort studies with longer follow-up-times. Fifth, although power is limited and we primarily report results based on multiple imputations due to missing, complete cases gave similar results. Lastly, we cannot rule out unmeasured or residual confounding, and cultural factors and traditions may play a role.
Implications for practice and research
More awareness is needed among health personnel in antenatal and postnatal care about women at risk for PPDS, and more knowledge about the usefulness of physical activity to reduce the risk of PPDS is warranted among clinicians. The beliefs about physical activity and health in different cultures vary [32] , and in some groups, rest after birth is considered to be beneficial to health [54] . Hence, culture sensitive preventive measures should contain information on the potential of regular physical activity to reduce PPDS, and strategies for facilitation of more physical activity during pregnancy in vulnerable groups. Nevertheless, there is still a lack of high quality RCT studies using objectively recorded physical activity in pregnancy to determine the effect on PPDS.
Conclusion
The study suggests that physical activity in late pregnancy may reduce the risk of PPDS.
Importantly, the risk reduction was also seen in ethnic minority women.
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